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用对鸟嘌呤以及其烷基衍生物拉曼光谱和 SERS 光谱的影响。研究结果如下： 
（1）计算了鸟嘌呤分子及不同异构体的优化结构和拉曼光谱。考虑溶剂化效











（2）分析了鸟嘌呤及其烷基衍生物 9-EtG和 7-MeG吸附在银溶胶表面的 SERS
光谱，以及 pH 值对 SERS 光谱的影响。基于密度泛函理论，我们得到这三种分
子的计算拉曼光谱，并与实验观测拉曼光谱进行了比较。结果表明，溶剂化作用
和氢键作用对环呼吸振动和指纹区（从 1000 到 1600 cm-1）的振动模有着很大
的影响。当考虑分子—金属作用后，在 pH≤3 时，9-EtG 以其 N(7)位吸附在银溶
胶表面；pH≥11 时，9-EtG 以烯醇式存在于银表面上，且以 N(7)位与金属发生
作用。对于 7-MeG，在 pH≤3 时，其 N(9)位与银溶胶相互作用；当 pH≥11 时





































Surface-enhanced Raman Spectroscopy (SERS) with high sensitivity and 
providing high-quality Raman signals is applied widely in investigating 
nano-structure surface of metal and the behaviors of adsorption molecules. In order to 
study the influence of intermolecular interaction on the molecules adsorbing on 
metalsurface, we choose guanine as a probe, using density functional theory to 
investigate hydrogen bonding interaction, which has a great effect on the Raman 
spectra and SERS of guanine and its alkylated derivatives. Thet results are as follows: 
(1) Stable structures and Raman spectra of guanine have been investigated by 
density functional theory (DFT) calculations. Focusing on the solvent effect and the 
hydrogen bonding interaction, we have calculated the two keto-amino tautomers 
G17K and G19K as well as their guanine-water complexes and tetramers. The results 
show that G17K is more stable than G19K in the gas phase, while in polar solvents 
G19K dominates. The vibrational fundamentals have been reassigned based on 
normal mode analysis of G17K by combining high resolution vibrational spectra 
observed. In their Raman spectra, the modes of the ring breathing and those in the 
fingerprint region (from 1000 to 1600 cm
-1
) affected by the solvent effect and the 
hydrogen bonding interaction are used to distinguish the tautomers of guanine. In 
addition，the dominant existing form in the polycrystalline and powder is proposed to 
be G17K, whose calculated vibrational frequencies agree with that in experimental 
Raman spectra reported before definitely. Finally, in pre-resonant Raman spectra, the 
species related to G17K is more sensitive to the excitation wavelength than the G19K 
complexes. 
(2) The Surface-enhanced Raman scattering (SERS) spectra of guanine and its 















is reported as well as the influence of pH. The interaction between the three molecules 
and the silver surface is interpreted on the basis of density functinoal theory (DFT) 
compared with the experiments.The resultsshow that the modes of the ring breathing 
and those in the fingerprint region (from 1000 to 1600 cm
-1
) are significantly affected 
by the solvent effect and the hydrogen bonding interaction. Then we analyze the 
Raman spectra of molecule-metal composite system, exploring the bonding effect of 
guanine and metal on their Raman spectra. We adopt the same theoretical 
model(molecule-metal) to compare their Raman spectra with the observed ones. The 
calculated results show that 9-EtG is adsorbed via N(7) and 7-MeG via N(9) in acidic 
conditions, while in alkaline conditions the two molecules are adsorbed in their enol 
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在苏联和法国也被观察到。拉曼也因此在 1930 年荣获诺贝尔物理奖。 
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